(19) 



9 




in 



(12) 



Europdisches Patentamt 
European Patent Office 
Office europtendes brevets (H) EP 0 669 158 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
01.04.1998 Bulletin 1998/14 

(21) Application number: 95102685.5 

(22) Date of filing: 24.02.1995 



(51) Int CI. 6 : B01 D 63/02, B01 D 53/26, 
B01D 53/22 



OQ 
CO 

to 



a> 

CD 
CO 



LU 



(54) Fluid separation assembly having an integral purge control valve 

Vorrichtung zur Fluidabtrennung m'rt integralem EntlOftungssteuerungsventil 

Unite pour la separation de fluides comprenant une valve de commande du degazage 



(84) Designated Contracting States: 
DE FRIT 

(30) Priority: 25.02.1994 US 201529 

(43) Date of publication of application: 
30.08.1995 Bulletin 1995/35 

(73) Proprietor: 

PRAXAIR TECHNOLOGY, INC. 
Danbury, CT 06810-5113 (US) 

(72) Inventors: 

• Nicolas, Patrick Samuel, Jr. 
Needham, MA 021 92 (US) 

• Bikson, Benjamin 
Brookline, MA 02146 (US) 



• Giglla, Salvatore 
Norwood, MA 02062 (US) 

• Thompson, David Richard 
Grand Island, New York 14072 (US) 

(74) Representative: 

Schwan, Gerhard, Dipl.-lng. 
Elfenstrasse 32 
81739 MQnchen (DE) 



(56) References cited: 
EP A- 0 41 9 007 
US-A-5160 514 



US-A-5 026 479 



DATABASE WPI Week 9018, Derwent 
Publications Ltd., London, GB; AN 90-135510 & 
JP-A-2 083 015 (MARUTANI KAKOKI) 23 March 
1990 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Primed by Xerox (UK) Business Servioes 
2.15.12/3.4 




EP0 669 



Description 

FIELD OF THE INVENTION 

The invention relates to a hollow fiber membrane s 
fluid separation assembly having an integral purge con- 
trol valve or a particular purge fluid reflux system, which 
provides a sweep fluid port internal to the assembly. 
This assembly is useful for, among other things, sepa- 
rating water vapor from a gas stream. 10 




fluid separation devices adds to the size and complexity 
of the fluid separation devices. 

Accordingly, it is an object of the invention to pro- 
vide means by which the operation of the fluid separa- 
tion devices can be carried out without external 
plumbing and valves. 

It is another object of the invention to provide 
means by which the fluid separation devices having a 
purging means can be easily implemented and oper- 
ated. 



BACKGROUND OF THE INVENTION 

Various hollow fiber membrane fluid separation 
devices have been used for separating fluid mixtures. 
Normally these fluid separation devices are designed 
so that a fluid mixture can be brought into contact with 
the hollow fiber membrane therein under pressure for 
permeation of one or more components of the fluid mix- 
ture. Upon contacting, the hollow fiber membrane 
allows the more readily permeable component of the 
fluid mixture to permeate into the permeate side of the 
hollow fiber membrane while retaining a substantial por- 
tion of the less readily permeable component of the fluid 
mixture on the non-permeate side of the hollow fiber 
membrane. The permeated and non-permeated com- 
ponents are removed through or recovered from at least 
one permeate outlet and at least one non-permeate out- 
let, respectively. 

In some instances, fluid separation devices are 
designed to provide a purge or sweep fluid in the per- 
meate side of the hollow fiber membrane. The use of a 
purge or sweep fluid on the permeate side of the hollow 
fiber membrane is beneficial in certain gas separation 
processes, such as gas dehydration processes, where 
because of high gas permeability coefficient of the per- 
meated component(s). such water vapor, a high perme- 
ate partial pressure builds up on the permeate side of 
the membrane. Since the high permeate partial pres- 
sure of the permeated component will limit the permea- 
tion and separation potential of the hollow membrane 
fibers in the fluid separation device, the introduction of a 
purge or sweep fluid having low partial pressure into the 
permeate side reduces the partial pressure of the per- 
meated component, thus allowing the fluid mixture to be 
more thoroughly stripped of the more readily permeable 
component. 

The fluid separation devices useful for providing a 
sweep or purge gas generally comprise an annular hol- 
low membrane fiber bundle in a shell having a fluid feed 
inlet, a non-permeate outlet, a permeate outlet and a 
sweep or purge gas inlet. U.S. Patent Nos. 3,499.062, 
4,718,921, 5,108,464, 5,160,514 and 5,026,479, for 
example, disclose such fluid separation devices. These 
fluid separation devices, however, require external 
plumbing and valves to regulate the flow of the sweep 
gas to be fed to the sweep or purge gas inlet port. The 
need to manifold the sweep or purge gas external to the 



SUMMARY OF THE INVENTION 

According to one embodiment of the present inven- 
tion, the above objectives and other objectives which 
are apparent to those skilled in the art are achieved by 
a fluid separation assembly comprising: 

(a) an elongated inner core member comprising a 
hollow tube having perforated holes in the wall 
thereof; 

(b) a hollow fiber membrane bundle having perme- 
ate and non-permeate sides at least partially sur- 
rounding a length of said elongated inner core 
member; 

(c) at least one tubesheet capable of passing a fluid 
stream therethrough encapsulating an end of said 
hollow fiber membrane bundle; 

(d) an integral purge control having a body defining 
at least one passageway communicating via said 
holes with the non-permeate side of said hollow 
fiber membrane bundle, said at least one passage- 
way terminating with at least one non-permeate exit 
port and at feast one sweep fluid port with said at 
least one sweep fluid port being capable of passing 
at least a portion of a non-permeate stream in said 
at least one passageway through said tubesheet to 
said permeate side of said hollow fiber membrane 
bundle and a fluid flow controlling means for adjust- 
ing or specifying the flow of a non-permeate stream 
into said at least one sweep fluid port from said at 
least one passageway; and 

(e) a shell containing at least one fluid feed 
entrance port and at least one permeate exit port 
surrounding said hollow fiber membrane with at 
least one end of said shell accommodating said 

integral purge control. 

■ ./=■. 

Tubesheets are provided to encapsulate both ends 
of said hollow fiber membrane bundle and to separate 
the feed/non-permeate side from the purge/ permeate 
side of the hollow fiber membrane bundle. At least one 
of said tubesheets, which is interposed between said at 
least one sweep fluid port and said permeate side of 
said hollow fiber membrane bundle, is severed so that 
the sweep fluid port is in fluid communication with the 
permeate side of the hollow fiber membrane bundle. 
Moreover, an essentially non-permeable film barrier 
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may be used to encase essentially the entire longitudi- 
nal length of the exposed hollow fibers except for a non- 
encased circumferential region at one of the ends of the 
hollow fiber membrane bundle. As used herein the term 
"a fluid separation assembly" means any device, mod- 5 
ule or system useful for separating a fluid component or 
fluid components from a fluid mixture. 

As used herein the term "integral purge control 
valve" means a valve integral with a fluid separation 
membrane assembly to provide the controlled flow of a 10 
sweep gas internal to the assembly. 

As used herein the term "exposed hollow fibers" 
means the entire length of the outer surface of the hol- 
low fiber membrane bundle located between the 
tubesheets. 15 

As used herein the term "fluid mixture" a mixture of 
liquids, a mixture of gases or a mixture of gases and liq- 
uids. 

BRIEF DESCRIPTION OF DRAWINGS 20 

Figure 1 is a sectional view of a fluid separation 
device having an integral purge control valve in accord- 
ance with one embodiment of the present invention. 

Figure 2 is a sectional view of a metering type inte- 25 
gral purge control valve in accordance with one embod- 
iment of the present invention. 

Figure 3 is a sectional view of an on/Off type inte- 
gral purge control valve in accordance with one embod- 
iment of the present invention. 30 

Figure 4 is a sectional view of a fixed orifice type 
integral purge control valve in accordance with one 
embodiment of the present invention. 

Figure 5 is a sectional view of a fluid separation 
device having a fixed orifice in accordance with one 35 
embodiment of the invention. 

Figure 6 is a sectional view of a fluid separation 
device having an integral purge control valve useful for 
a bore side feed arrangement in accordance with one 
embodiment of the invention. 40 

DETAILED DESCRIPTION OF THE INVENTION 

One aspect of the invention lies in providing a purge 
control valve that is integral with a hollow fiber mem- 45 
brane fluid separation assembly. Another aspect of the 
invention lies in providing a product reflux system that is 
integral with a hollow fiber membrane bundle. This valve 
and reflux system are designed to deliver a particular 
amount of a sweep or purge fluid to the permeate side so 
of the membrane without external plumbing and valves. 
Since the sweep or purge gas flows within the fluid sep- 
aration assembly, the fluid separation assembly can be 
made to require a fewer external connections. In other 
words, at least one sweep or purge fluid inlet associated 55 
with external plumbing and valves need not be present 
in the shell of the fluid separation device since the inte- 
gral purge valve and reflux system allow sweep or purge 
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fluid to be fed to the permeate side of the membrane 
within the fluid separation assembly. 

A preferred fluid separation assembly having inte- 
gral purge valves or reflux systems are described in ref- 
erence to the drawings. However, as can readily be 
appreciated, the description of preferred embodiments 
in no way precludes numerous variations of the pre- 
ferred fluid separation assembly, integral purge control 
valves and reflux systems, which will become apparent 
to those skilled in the art. 

In Figure 1, there is illustrated a sectional view of 
one preferred fluid separation assembly which is used 
to introduce a fluid mixture onto the shell side, i.e., the 
exterior surface, of the hollow fiber membrane. The fluid 
separation assembly comprises a shell (1) having at 
least one fluid feed inlet (18) and at least one permeate 
stream outlet (17) surrounding an annular hollow fiber 
membrane bundle (2) wound on an inner core member 

(5) . Both ends of the hollow fiber membrane bundle (2) 
are encapsulated in tubesheets (6 and 14) with at least 
one end of the inner core member opening out of one of 
the tubesheets (6 or 14). The exposed hollow fiber 
membrane bundle between the tubesheets (6 and 14) 
may be encased with an essentially non-permeable film 
barrier (15) except for a non-encased circumferential 
region (13) near one of the ends of the hollow fiber 
membrane bundle (2). One end of the shell (1) has a 
mechanical support (4) for the annular hollow fiber 
membrane (2) and possibly at least one opening (17) for 
removing at least one permeate stream. The opposite 
end of the shell contains ah integral purge control valve 
(?0) defining at least one non-permeate stream outlet 
(11). The integral purge control valve is designed to 
introduce a sweep fluid into the bores of the hollow fiber 
membrane. The integral purge control valve (20) is 
attached to the shell (1) and/or the tubesheet (6) in a 
flow tight relationship by, for example, sealing means (7 
and 16), such as O-ring seals, threads, mechanical 
seals, gasketing and/or bonding. At least a portion of 
the exterior surface of the valve body (10) is preferably 
designed to be inserted into the shell (1) in a fluid tight 
relationship while at least a portion of the valve body 
(10) defining at least one passageway (21) is designed 
to be inserted into an opening defined by the tubesheet 

(6) tightly. 

At least one passageway (21) communicates with 
the non-permeate side of said hollow fiber membrane 
bundle (2) through the interior surface of the inner core 
member (5). The passageway (21) terminates with at 
least one non-permeate exit port (11) and at least one 
sweep fluid port (1 2). The sweep fluid port (12) is capa- 
ble of passing at least a portion of a non-permeate 
stream in the passageway (21) to the permeate side, 
i.e., the bores, of said hollow fiber membrane bundle 
(2). The permeate side of the hollow fiber membrane 
bundle is opened to the sweep fluid port (12) through 
severing the tubesheet (6). Within the passageway (21), 
tile non-permeate exit port (1 1) and/or the sweep fluid 
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port (12), any fluid flow controlling means (8) may be 
placed with sealing means (9) so that the flow of the 
non-permeate stream from the passageway (21) into 
said the sweep fluid port (12) can be adjusted or regu- 
lated. 5 

In Figures 2-3, various preferred fluid flow control- 
ling means (8) are illustrated. The fluid flow controlling 
means (8), as shown in Figures 2 and 3, comprises a 
valve stem vertically extending into the passageway 
(21) and a portion of said at least one sweep fluid port 10 
(12) from the exterior of the valve body (10). At least an 
end section of the valve stem is placed within the inlet of 
the sweep fluid port (12). In Figure 2, at least the end 
section of the valve stem is gradually narrowed, i.e., 
gradual taper, so that a gap or a channel is formed is 
between-the interior wall surface of the sweep fluid port 
(12) and the exterior surface of the stem. This gap or 
channel allows the non-permeate stream in the pas- 
sageway (21) to flow into the sweep fluid port (12). The 
gap or channel can be enlarged or shrinked by moving 20 
the stem upward or downward away from or into the 
sweep fluid port (12). In Figure 3, the valve stem has an 
end section having a cross-sectional area or a diameter 
smaller than the inlet of the sweep fluid port (12). The 
remaining section, particularly a section which is just 25 
above the end section, has a cross-sectional area or a 
diameter greater than the inlet of the sweep fluid port 
(12). This shape of the stem allows the inlet of the 
sweep fluid port to be closed or opened by lifting or 
pushing the stem away from or into the inlet of the 30 
sweep port (12). The valve stem of Figures 2 and 3 can 
be made pivotaWe or rotatable in order to regulate the 
movement of the stem into and out of the sweep fluid 
port (12). In addition to the valve stem shown in Figures 
2 and 3, other type of fluid controlling arrangements 35 
may be used to adjust the flow of fluid into the sweep 
fluid port, such as needle or ball valves. 

In lieu of the fluid flow controlling means, for exam- 
ple, the fluid flow restrictor(23). such as an orifice, 
shown in Figure 4 may also be used to convey a non- 40 
permeate stream in the passageway (21) to the sweep 
fluid port (12). The orifice or hole, which allows the pas- 
sageway (21) to communicate with the sweep fluid port 
(12), is specif ically designed to obtain a controlled reflux 
flow rate, i.e. a controlled non-permeate stream flow into 45 
the sweep fluid port (12). The size or diameter of the ori- 
fice is dependent on the desired or required specific 
flow rate as determined by the membrane properties, 
the desired product (the required dryness of the prod- 
uct), the non-permeate pressure and the permeate so 
pressure. For example, at a 0.69 bar (100 psig) com- 
pressor air discharge pressure, 32°C (90°F) gas tem- 
perature and atmospheric permeation pressure, a 
particular membrane fluid separation device will require 
the passage of a specific amount of a sweep gas into ss 
the sweep fluid port (12) to achieve a -32°C (-40°F) gas 
dew point. Because the product pressure is much 
higher than the permeate pressure, the desired size of 



the orifice can be determined based on critical flow cal- 
culations, thus obtaining the desired sweep gas flow. 

In Figure 5, there is illustrated a sectional view of 
another preferred fluid separation assembly having a 
product ref luxing arrangement attached to a hollow fiber 
membrane bundle (2). This arrangement allows the fluid 
separation assembly to operate without an integral 
purge control valve. This fluid separation assembly 
comprises a hollow f ber membrane bundle (2) wound 
on the exterior surface of an elongated inner core mem- 
ber (5) having openings (19). An essentially non-perme- 
able film barrier (15) may be provided to encase 
essentially the entire longitudinal length of the exposed 
hollow ; fiber bundle. (2) except for a non-encased cir- 
curr^ferenting region (13). Both ends of the hollow fiber 
membrane bundle (2) are encapsulated in tubesheets 
(6 and 14), with at least one end of the inner core mem- 
ber opening out of one of the tubesheets, the tubesheet 
(6). The tubesheets (6 and 14) are severed so that the 
bores of the hollow fibers are opened. At one end of the 
hollow fiber membrane bundle, a product reflux system 
(24) is provided. The product reflux system (24) has a 
body (22) that is attached to one of the tubesheets (6 or 
14) in a fluid tight relationship by sealing means (3) in 
order to surround one of the tubesheets (6 or 14). The 
body (22) defines at least one passageway (38) and a 
sweep fluid port or a chamber (28). While the passage- 
way (38) is in fluid communication with the non-perme- 
ate side (the shell side) of the hollow fibers via the inner 
core member, the sweep fluid port or chamber (28) is in 
fluid communication with the permeate side (the bores) 
of the hollow fibers (2). The sweep fluid port or cham- 
bers) is in fluid communication with the passageway 
(38) through an orifice (26) located at the inlet of the 
sweep fluid port or chamber (28). A shell (1) surrounds 
the hollow fiber membrane bundle (2) including the 
reflux system (24). The hollow fiber membrane bundle 
(2) is held within the shell (1) by a mechanical support 
and a first closing means (30) defining a non-permeate 
outlet port;(1 1) and a-fluid feed inlet (18). The reflux sys- 
tem t&4) attached to the tubesheet at one end of the hol- 
low fiber membrane bundle may be attached to the first 
closing means (30) in a fluid tight relationship by sealing 
means (34) so that the passageway (38) of the reflux 
system (24) is in fluid communication with the non-per- 
meate exit (1 1). On the opposite end of the shell (1), a 
second closing means (40) defining a permeate outlet 
(17) is provided. The first and second closing means 
may be made from any non-permeable materials. 

In Figure 6, there is illustrated a sectional view of an 
additional preferred separation assembly which is used 
to introduce a fluid mixture into the bores of the hollow 
fiber membrane. The fluid separation assembly com- 
prises a shell (1) having at least one fluid feed inlet (18) 
and at least one permeate stream outlet (17) surround- 
ing an annular hollow fiber membrane bundle (2) wound 
on an inner core member (5) having openings (19). Both 
ends of the hollow fiber membrane bundle (2) are 
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encapsulated in tubesheets (6 and 14) with at least one 
end of the inner core member (5) opening out of one of 
the tubesheets (6 or 14). The exposed hollow fiber 
membrane bundle between the tubesheets (6 and 14) 
may be encased with an essentially non-permeable film 
barrier (15) except for a non-encased circumferential 
region (13) near one of the ends of the hollow ffoer 
membrane bundle (2). Adjacent to the non-encased cir- 
cumferential region (13), a shell end closing means (40) 
defining at least one fluid feed mixture inlet (18). The 
exterior surface of the shell end closing means (40) is 
tightly fitted to the shell by sealing means (42), such as 
O-ring seals, threads, mechanical seals, gasketing 
and/or bonding. The opposite end of the shell contains 
an integral purge control valve (20) defining at least one 
non-permeate stream outlet (11). The integral purge 
control valve is designed to introduce a sweep fluid into 
the shell side, i.e. the outer surface, of the hollow fiber 
membrane. The integral purge control vaJve (20) is 
attached to the shell (1) and/or the tubesheet (6) in a 
flow tight relationship by, for example, sealing means (7 
and 16), such as O-ring seals, threads, mechanical 
seals, gasketing and/or bonding. At least a portion of 
the exterior surface of the valve body (10) is preferably 
designed to be inserted into the shell in a fluid tight rela- 
tionship while at least a portion of the valve body (10) 
defining at least one sweep fluid port (12) is designed to 
be inserted into an opening defined by the tubesheet (6) 
in a fluid tight relationship. The tubesheets (6 and 14) 
are in turn tightly attached to the interior surface of the 
shell (1) by sealing means (3). 

At least one passageway (21) defined by the valve 
body (10) communicates with the non-permeate side, 
i.e., the bores, of the hollow fiber membrane bundle (2). 
The bores of the hollow fibers are opened to the fluid 
feed mixture inlet (18) and the passageway (21) by sev- 
ering the tubesheets (6 and 14). The passageway (21) 
terminates with at least one non-permeate exit port (1 1) 
and at least one sweep fluid port (12). The sweep fluid 
port (12) is capable of passing at least a portion of a 
non-permeate stream in the passageway (21) to the 
permeate side, i.e., the shell side, of said hollow fiber 
membrane bundle (2) through the inner core member 
(5). Within the passageway (21), the non-permeate exit 
port (1 1) and/or the sweep fluid port (1 2), any fluid flow 
controlling means (8) or any fluid restrictor (23), as 
shown by Figures 4 and 5, may be placed so that the 
flow of the non-permeate stream from the passageway 
(21) into said the sweep fluid port (12) can be adjusted 
or regulated. For example, a fluid flow controlling means 
(8), such as a valve stem, is extended from the exterior 
of the vafve body to the interior section of the sweep 
fluid port (12) in a longitudinal direction. The valve stem 
has gradual taper so that a gap or a channel is formed 
between the interior wall surface of the sweep fluid port 
(12) and the exterior surface of the stem. This gap or 
channel allows the flow of the non-permeate stream in 
the passageway (21) into the sweep fluid port (12). 



The annular hollow fiber membrane bundle (2) sur- 
rounding an elongated inner core member (5) may be a 
hollow fiber membrane bundle helically wound around 
the exterior of the inner core member. The hollow fiber 

5 membrane can be wound around the inner core mem- 
ber (5) at any angle, but preferably at an angle of about 
30° or higher, as measured from a line parallel to the 
inner core member. This hollow fiber membrane may be 
in the form of dense wail, composite or asymmetric 

w membranes. The dense wall, asymmetric and compos- 
ite membranes are well known in the art. as shown by, 
e.g.. U.S. Patent Nos. 5,108,464, 4718,921, 4,844.719, 
4,497,640, 4,783,201 and 5,026,479. 

In certain instances, however, the hollow fiber 

is membrane in the form of a composite membrane is pre- 
ferred. To produce this composite hollow fiber mem- 
brane, permeable or porous hollow fiber is initially 
produced through any known methods. e.g., as 
described by I. Cabasso, "Hollow Fiber Membranes" , 

20 Wrk-Othmer: Enc. of Chem. Tech., 12, Third Ed., pp 
492-517 (1980) and I. Cabasso, "Membranes", Enc. of 
POI. Sc. & Eng., 9, Second Ed., pp 509-579 (1987). The 
. permeable or porous hollow fiber may be produced from 
. ; iny known inorganic and/or organic materials including 

25 those provided in U.S. patent No. 5.026,479. The 
desired wall thickness, average pore cross-sectional 
diameter and outside diameter of the resulting hollow 
f toer are normally dependent on the intended use of the 
membrane. Once the desired porous hollow fiber is 

30 formed, a thin membrane forming material described is 
provided on the surface of the hollow fiber. "This can be 
accomplished by any known procedures including that 
shown in U.S. Patent No. 4, 467,001, e.g., applying a 
solution of the membrane forming material on the sur- 

35 face of the hollow fiber to deposit a finished dry coating. 
The inner core member (5) employed may be an 
elongated tube having openings near at least one of the 
ends to permit the flow of fluid between the exterior sur- 
face of the hollow fibers and the interior core of the tube. 

40 The size, number and location of these openings are 
dependent upon the size of the assembly, fluid flow 
velocity on the non-permeate side and fluid flow config- 
urations, e.g., countercurrent, cocurrent and cross flow. 
In a countercurrent flow arrangement, for instance, the 

45 openings are generally situated at the point from about 
one percent or less to a point up to about 25 percent of 
the longitudinal length between the two tubesheets. On 
the other hand, in a cross flow arrangement, the open- 
. ings'are generally situated throughout the entire longitu- 

50 diVikl length of the inner core member. The openings 
can be in the form of drilled holes, cut slots or other per- 
forations. The cross-sectional area occupied by the 
holes is essentially determined by pressure drop 
requirements and preferably kept to acceptable mini- 

55 mum cross-section and holes positioned adjacent to the 
tubesheet to insure optimum flow dynamics. The tube 
can be made from any nonpermeable material, metal, 
glass, wood, plastic, composite laminate and the like. 
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Adjacent to the openings, at least one tubesheet, 
as shown by Figures 1, 5 and 6, may be provided to 
encapsulate one of the ends of the hollow fiber mem- 
brane bundle (2). An additional tubesheet is provided to 
the other end so that both ends of the hollow f foer mem- 5 
brane bundle (2) are encapsulated in tubesheets, with 
at least one end of the inner core member, e.g.. th4 
tube, opening out of one of the tubesheets , e.g., the 
tubesheet (6), to permit the flow of fluid in and out of the 
tube. The tubesheet encapsulating both ends of the w 
bundle (2) is tightly coupled to the shell (1) by O-ring 
seals (3). At least one of the tubesheets, e.g., tubesheet 
(6), preferably both the tubesheets, is severed so that 
bores of the hollow f bers are opened. The tubesheets 
can be made from any nonpermeable materials, such 15 
as epoxy resin. 

The entire longitudinal length of the exposed hollow 
fibers between the tubesheets, except for a circumfer- 
ential region proximate to one of the tubesheets, e.g., 
the tubesheet (14), may be tightly encased in an essen- 20 
tially non-permeable, preferably flexible, barrier com- 
prised of one or more layers of thin film. The essentially 
nonpermeable flexible film wrap or film barrier can be of 
any composition, for example, a thin film of a polyolef ine 
or polyvinylidene chloride. The impervious film can be. 25 
further, an impervious coating material applied from 
innocuous solvent. Alternatively the impervious barrier 
can be placed by shrinking a plastic shrink sleeve 
around the exterior surface of the bundle. It can be 
applied before the tubesheet is formed with one end 30 
embedded in the tubesheet, if desired, or it can be. 
applied to the bundle of hollow fibers after the tubesheet 
has been formed. As indicated the flexible filrn wrap 
does not cover the entire surface of the bundle of hollow 
fibers. At the end that is opposite to the end in which the 35 
holes are present in the center core tube a portion of the 
bundle of hollow fibers near the opposite tubesheet is 
left uncovered to provide for gas entrance or exit of flu- 
ids. This uncovered gap can be of variable width but 
generally is from about one percent or lower to up to 40 
about 25 percent of the longitudinal length between the 
two tubesheets, preferably from about one to five per- 
cent. For optimal flow dynamic performance, the gap 
should be kept to minimum dimensions, the dimensions 
further determined by minimum pressure drop require- 45 
ments since an excessively narrow gap can induce 
severe pressure drop. 

The shell surrounding the entire longitudinal length 
of the hollow fiber membrane bundle wound on the inner 
core member can be cylindrical or any other geometric so 
shape and may be capable of withstanding high pres- 
sure and/or high or low temperature. The shell may 
extend beyond the entire longitudinal length of the hol- 
low fiber membrane bundle to accommodate the 
tubesheets and possibly an integral purge control valve 55 
(depending on whether the integral valve is fitted into 
the shell or the shell is fitted into the integral valve) arid 
the shell closing means (depending on whether trie 



closing means is fitted into the shell or the shell is fitted 
into the closing means). 

In practice of the fluid separation assembly of Fig- 
ure 1 , the fluid stream is fed to the assembly via the inlet 
(18). The film barrier (15) forces the fluid to travel along 
the, length .of the bundle unit until it reaches the open 
area (1 3).' the fluid is prevented from exiting the ends of 
the membrane device by the O-ring seals (3) on the 
tubesheets (6) and (14). The non-permeating fluid con- 
tinues through the uncovered portion (13) and down 
through extraction holes (19) while the readily permea- 
ble component of the fluid permeates onto the bores, 
the permeate side, of the hollow fibers. The non-perme- 
ating fluid then leaves through port (1 1) via an opening 
in the tubesheet (6) and at least one passageway (21) of 
valve body (10). The non-permeating fluid is prevented 
from directly entering the open bore side of the 
tubeshjeet (6) by O-ring seals (16). By adjusting valve 
stem (8), a portion of the non-permeating fluid in at least 
one passageway (21) of valve body (10) travels through 
at least one sweep fluid port (12) and into the bores of 
the hollow fibers. The sweep fluid being sealed by O- 
rings (7) and (16) travels along the bores of the hollow 
fibers and exits port (17) with the permeated compo- 
nent. 

In practice of the fluid separation assembly of Fig- 
ure 5, the fluid stream is fed to the assembly via the inlet 
(18). The film barrier (15) forces the fluid to travel along 
the length of the bundle unit until it reaches the open 
area (13). The fluid is prevented from exiting the ends of 
the membrane device by the O-ring seals (3) on the 
tubeshejefe.(6) : and (14). As the fluid continues through 
this! uncovered portion (13) and down through extraction 
holes (19), the more readily permeable component of 
the fluid permeates to the bores, the permeate side, of 
the hollow fibers. The non-permeating fluid then leaves 
through a non-permeate outlet port (1 1) via an opening 
in the tubesheet (6) and at least one passageway (38) of 
the reflux system (24). The non-permeating fluid is pre- 
vented from directly entering the open bore side of the 
tubesheet (6) by O-ring seals (16). Through a specifi- 
cally sized orifice (26), a portion of the non-permeating 
fluid in at least one passageway (38) is delivered into 
the bores of the hollow fibers via sweep fluid port or 
chamber (28) which is in communication with the open 
ends of the hollow fibers in tubesheet (6). The sweep 
gas being sealed by O-rings (3) and (16) travels along 
the bores of the hollow fibers and exits port (1 7) with the 
permeated component. 

In practice of the fluid separation assembly of Fig- 
ure 6, the fluid stream is fed to the bores of the hollow 
f bers via the inlet (18). The fluid travels along the length 
of the bundle unit (2) until it reaches at least one pas- 
sageway (21) of an integral purge control valve (20). 
The non-permeating fluid is prevented from directly 
entering the open shell side, the permeate side, of the 
tubesheets (6 and 14) by O-ring seals (3 and 16). The 
non-permeating fluid then leaves through a non-perme- 
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ale outlet port (1 1) via at least one passageway (21) of 
the integral purge control valve (20). By adjusting valve 
stem (8). a portion of the non-permeating fluid in the 
passageway (21) of the integral purge control valve (20) 
travels into the shell side, the permeate side, of the hol- 
low fibers through a sweep fluid port (1 2) and openings 
in the inner core member (5). The sweep fluid flowing 
out of the openings in the inner core member (5) is 
forced to travel along the length of the fiber bundle (2) 
due to a film barrier (15) encasing the exposed surface 
of the hollow fiber membrane bundle (2). The sweep 
fluid and the permeated component exit through at an 
open area (13) of the hollow ffoer membrane bundle (2) 
and a permeate port (17). , 

Claims 

1 . A fluid separation device comprising: 

(a) an elongated inner core member (5) com- 
prising a hollow tube having perforated holes 
(19) in the wall thereof; 

(b) a hollow fiber membrane bundle (2) having 
permeate and non-permeate sides at least par- 
tially surrounding a length of said elongated 
inner core member; 

(c) at least one tubesheet (6) capable of pass- 
ing a fluid stream therethrough encapsulating 
an end of said hollow fiber membrane bundle; 

(d) an integral purge control (20, 24) having a 
body (10, 22) defining at least one passageway 
(21 , 38) communicating via said holes (1 9) with 
the non-permeate side of said hollow fiber 
membrane bundle, said at least one passage- 
way terminating with at least one non-perme- 
ate exit port (1 1) and at least one sweep fluid 
port (12), with said at least one sweep fluid port 
being capable of passing at least a portion of a 
non-permeate stream in said at least one pas- 
sageway through said tubesheet to said per- 
meate side of said hollow fiber membrane 
bundle and a fluid flow controlling means (8, 
23, 26) for adjusting or specifying the flow of a 
non-permeate stream into said at least one 
sweep fluid port from said at least one pas- 
sageway; and 

(e) a shell (1) containing at least one fluid feed 
entrance port (18) and at least one permeate 
exit port (17) surrounding said hollow fiber 
membrane, with at least one end of said shell 
accommodating said integral purge control. 

2. The fluid separation device according to claim 1, 
wherein said fluid flow controlling means (8) com- 
prises a valve stem extending into said passageway 
(21 , 38) and at least a portion of said at least one 
sweep fluid port (12) from the exterior of the body 
(10). said valve stem having gradual taper, thus 



forming at least one channel between an exterior 
body of the valve stem and an interior surface of 
said at least one sweep fluid port. 

5 3. The fluid separation device according to claim 1, 
wherein said fluid flow controlling means comprises 
a fluid flow restrictor for passing a particular amount 
of a non-permeate stream into the sweep fluid port. 

10 4. The fluid separation device according to claim 3, 
wherein said fluid flow controlling means (8) is an 
orifice located within said passageway (21, 38), 
said non-permeate exit port (1 1) and/or said sweep 
: ; - M fluid port (12), 

15 ! \". : . 

5. The fluid separation device according to claim 4, 
wherein said fluid flow controlling means (8) is an 
orifice (26) located at the inlet of said at least one 
sweep fluid port. 

20 

6. The fluid separation device according to any one of 
the preceding claims, wherein said elongated inner 
core member (5) comprises a center core tube hav- 
ing perforated holes (19) in the wall thereof at a 

25 location close to said integral purge control, said 
perforated holes providing fluid communication 
between the exterior surface of said hollow fiber 
membrane bundle and the interior of said center 
core tube. 

30 

7. The fluid separation device according to claim 6, 
further comprising an essentially non-permeable 
film barrier (15) encasing essentially the entire lon- 
gitudinal length of said hollow fiber membrane bun- 

35 die (2) except for a non-encased circumferential 
region (13) at one end of the hollow fiber membrane 
bundle. 

8. The fluid separation device according to any one of 
40 : V the preceding claims, wherein said purge control 

(24) is attached to said tubesheet (6) with the body 
(22) of the purge control surrounding said 
tubesheet 

45 9. The fluid separation device according to any one of 
the preceding claims, comprising at least two 
tubesheets (6, 1 4) capable of passing a fluid stream 
therethrough encapsulating both ends of said hol- 
low ffoer membrane bundle (2). 

so 

10. The fluid separation device according to any one of 
the preceding claims, further comprising seals (7) 
located between the exterior surface of the integral 
purge control and the interior surface of the shell 

55 (1). 

1 1 . The fluid separation device according to any one of 
the preceding claims, wherein both ends of said 
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shell (1) are closed by closing means (30, 40) defin- 
ing a permeate outlet (17), a fluid feed inlet (18) 
and/or a non-permeate outlet (1 1 ) in fluid communi- 
cation with said at least one passageway (21 , 38). 

PatentansprGche 

1 . Flukjtrennvorrichtung mit: 

(a) einem langgestreckten inneren Kernteil (5), 
bei welchem es sich um eine hohle ROhre han- 
delt. deren Wand PerforationslOcher (19) auf- 
weist; 

(b) einem HohlfasermembranbOndel (2) mit 
Permeat- und Nichtpermeatseiten, welches 
mindestens einen Teil des langgestreckten 
inneren Kernteils umgibt; 

(c) mindestens einer Verkapselung (6), durch 
die ein Fluidstrom hindurchtreten kann und mit 
der ein Ende des HohlfasermembranbOndels 
verkapselt ist; 

(d) einer integralen SpOlsteuerung (20, 24) mit 
einem KOrper (10, 22), der mindestens einen 
DurchlaB (21, 38) bestimmt, der Qber die 
LOcher (19) mit der Nichtpermeatseite des 
HohHasermembranbQndels in Verbindung 
steht und der in mindestens einem Nichtper- 
meatauslaB (11) und mindestens einen Spul- 
fluidanschluB (12) endet, wobei der 
SpfllfluidanschluB mindestens einen Teil des 
Nichlpermeatstromes in dem mindestens 
einen DurchlaB durch die Verkapselung zu der 
Permeatseite des HohlfasermembranbOndels 
Qberleiten kann, sowie mit einer Fluidstrom- 
Steueranordnung (8, 23, 26) zum Einstellen 
oder Festlegen der StrOmung des Nichtper- 
meatstromes von dem mindestens einen 
DurchlaB in den mindestens eines SpOffluidan- 
schluB; und 

(e) einem Mantel (1), der mindestens einen 
EinsatzfluideinlaB (18) und mindestens einen 
PermeatauslaB (17) aufweist und die Hohlfa- 
sermembran umgibt, wobei mindestens ein 
Ende des Mantels die integrate SpOlsteuerung 
aufweist. 

2. Fluidtrennvonrichtung nach Anspruch 1 , wobei die 
Fluidstrom-Steueranordnung (8) einen VentilstOBel 
aufweist, der sich von auBerhalb des KOrpers (10) 
in den DurchlaB (21, 38) und in mindestens einen 
Teil des mindestens einen Spdlfluidanschlusses 
(12) hinein erstreckt und der eine graduelle VerjOn- 
gung aufweist, so daB mindestens ein Kanal zwi- 
schen einem auBeren KOrper des VentilstOBels und 
einer Innenflache des mindestens einen SpQIfiuid- 
anschlusses gebildet wird. 

3. Fluidtrennvorrichtung nach Anspruch 1, wobei die 



Fluidstrom-Steueranordnung ein Fluidstrombe- 
grenzer zum Qberleiten einer speziellen Menge 
eines Nichtpermatstromes in den SpOffluidan- 
schluB ist. 

5 

4. RufcJtrennvorrichtung nach Anspruch 3, wobei die 
Fluidstrom-Steueranordnung (8) eine innerhalbdes 
Durchlasses (21, 38), des Nichtpermeatauslasses 
(11) und/oder des SpQIfiuidanschlusses angeord- 

10 nete Offnung ist 

5. Ruidtrennvorrichtung nach Anspruch 4, wobei die 
Ruidstrom-Steueranordnung (8) eine am EinlaB 
des mindestens einen SpQIfiuidanschlusses ange- 
rs ordnete Offnung (26) ist. 

6. Ruidtrennvorrichtung nach einem der vorhergehen- 
den AnsprOche, wobei das langgestreckte innere 
Kernteil (5) ein zentrales Kernrohr ist, in dessen 

20 Wand PerforationslOcher (19) an einer Stelle nahe 
der integralen SpOlsteuerung vorgesehen sind, 
wobei die, PerforationslOcher for eine Fluidverbin- 
dung zwischen der AuBenflflche des Hohlfaser- 
, rnembranbOndels und dem Inneren des zentralen 

25 Kernrohrs sorgen. 

7. Ruidtrennvorrichtung nach Anspruch 6, ferner ver- 
sehen mit einer im wesentlichen undurchdringli- 
chen Filmbarriere (15), welche im wesentlichen die 

so gesamte Lflnge des HohlfasermembranbOndels (2) 
mit Ausnahme eines nicht umschlossenen 
Umfangsbereiches (13) an einem Ende des Hohlfa- 
sermembranbOndels umschlieBt. 

35 8. Ruidtrennvorrichtung nach einem der vorhergehen- 
den AnsprOche, wobei die SpOlsteuerung (24) an 
der Verkapselung (6) angebracht ist, wobei der KOr- 
per (22) der SpOlsteuerung die Verkapselung 
umgibt. 

40 

9. Ruidtrennvorrichtung nach einem der vorhergehen- 
den AnsprOche, wobei mindestens zwei Verkapse- 
lungen (6, 14) vorgesehen sind, die einen 
Ruidstrom durchlassen kOnnen und die beide 

45 Enden des HohlfasermembranbOndels (2) umge- 
ben. 

10. Ruidtrennvorrichtung nach einem der vorhergehen- 
den AnsprOche, feirner versehen mit zwischen der 

so AuBenseite der integralen SpOlsteuerung und der 
Innenseite des Mantels (1) angeordneten Dichtun- 
gen (7). 

1 1 . Ruidtrennvorrichtung nach einem der vorhergehen- 
55 den AnsprOche, wobei beide Enden des Mantels 

(1) mittels einer VerschluBanordnung (30. 40) ver- 
schiossen sind, die einen PermeatauslaB (17), 
einen EinsatzfluideinlaB (18) und/oder einen Nicht- 
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permeatauslaB (11) in Fluidverbindung mit dem 
mindestens einen DurchlafB (21, 38) bestimmt. 

Revendications 

1 . Dispositif de separation de f luides comportant : 

(a) un element de coeur interieur allonge (5) 
comportant un tube creux dont la paroi est per- 
force detrous (19) ; 

(b) un faisceau (2) k membrane de fibres creu- 
ses ayant des cdtes k perm6at et k non per- 
m6at entourarrt au moins partiellement une 
longueur dudit element de coeur interieur 
allong6 ; 

(c) au moins une plaque tubulaire (6) pouvant 
laisser passer k travers elle un courant de 
fluide, dans laqueile est encastr6e une extre- 
mity dudit faisceau k membrane de fibres creu- 
ses; 

(d) une commande int6grale (20, 24) de purge 
ayant un corps (10, 22) d6f inissant au moins un 
passage (21, 38) communiquant par lesdrts 
trous (19) avec le cdte k non permeat dudit 
faisceau k membrane de fibres creuses, ledrt 
ou chaque passage se terminant par au moins 
un orifice (1 1) de sortie de non permeat et par 
au moins un orifice (12) k fluide de balayage, 
ledrt ou chaque orifice k fluide de balayage 
pouvant laisser passer au moins une portion 
d'un courant de non perm6at dans (edit ou cha- 
que passage traversant ladite plaque tubulaire 
vers ledit c6t6 k permeat dudit faisceau k mem- 
brane de fibres creuses et des moyens (8, 23, 
26) de commande d'ecoulement de fluide pour 
r6gler ou specifier recoupment d'un courant de 
non perm6at arrivant dans ledit ou chaque ori- 
fice k fluide de balayage depuis ledit ou chaque 
passage ; et 

(e) une coque (1) contenant au moins un orifice 
(18) d'entr6e de charge de fluide et au moins 
un orifice (17) de sortie de perm6at entourant 
ladite membrane k fibres creuses, au moins 
une extremite de ladite coque logeant ladite 
commande integrale de purge. 

2. Dispositif de separation de f luides seion la revendi- 
cation 1, dans lequel lesdits moyens (8) de com- 
mande d*6coulement de fluide comprennent une 
tige de valve avancant dans ledit passage (21 , 38) 
et au moins une parti e dudit ou de chaque orifice 
(12) k fluide de balayage depuis I'exterieur du corps 
(10), ladite tige de valve ayant une conicite progres- 
sive, formant ainsi au moins un canal entre un 
corps exterieur de la tige de valve et une surface 
int6rieure dudit ou de chaque orifice (1 8) k fluide de' 
balayage. 
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3. Dispositif de separation de f luides selon la revendi- 
cation 1, dans lequel lesdits moyens de commande 
crecoulement de fluide comprennent un etrangleur 

■ . j d'ecoulement de fluide destine k laisser passer une 
, quantite particulifcre d'un courant de non perm6at 
* : jusque dans I 'orifice k fluide de balayage. 

4. Dispositif de separation de f luides selon la revendi- 
cation 3, dans lequel lesdits moyens (8) de com- 
mande d'ecoulement de fluide comprennent un 
orifice place dans ledit passage (21, 38), ledit ori- 
fice (1 1) de sortie de non perm6at et/ou ledit orifice 
(12) k fluide de balayage. 

5. Dispositif de separation de f luides selon la revendi- 
cation 4, dans lequel lesdrts moyens (8) de com- 
mande d'ecoulement de fluide comprennent un 
orifice (26) plac6 k I'entree dudit ou de chaque ori- 
fice k fluide de balayage. 



6. Dispositif de separation de f luides selon Tune quel- 
conque des revendications prec6dentes, dans 
lequel ledit element de coeur interieur allonge (5) 
comporte un tube de coeur central dont la paroi est 
25 perforee de trous (19) dans un emplacement pro- 
che de ladite commande integrate de purge, lesdits 
trous perfores etablissant une communication de 
fluide entre la surface exterieure dudit faisceau k 
membrane de fibres creuses et Tinterieur dudit tube 



30 



de coeur central. 



7. Dispositif de separation de fluides selon la revendi- 
cation 6, comportant en outre une couche d'arret 
essentiellement non permeable (15) enveloppant 

35 essentiellement sur toute sa longueur longrtudinale 
ledit faisceau (2) k membrane de fibres creuses, k 
('exception d'une region circonferentielle non enve- 
loppee (13) k une extr6mit6 du faisceau k mem- 
brane de fibres creuses. 

40 

8. Dispositif de separation de fluides selon Tune quel- 
conque des revendications precedentes, dans 
lequel ladite commande (24) de purge est reliee k 
ladite plaque tubulaire (6), de facon que le corps 

45 (22) de la commande de purge entoure ladite pla- 
que tubulaire. 

9. Dispositif de separation de fluides selon Tune quel- 
conque des revendications precedentes, compor- 

50 tant au moins deux plaques tubulaires (6, 14) 
pouvant laisser passer k travers elles un courant de 
fluide, dans lesquelles les deux extremes dudit 
faisceau (2) k membrane de fibres creuses sont 
encastrees. 

55, / 

. .' 10, Dispositif de separation de fluides selon I'une quel- 
conque des revendications precedentes, compor- 
tant en outre des joints d'6tanch6it6 (7) places 
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entre la surface exterieure de la commande inte- 
grals de purge et la surface interieure de la coque 



1 1 . Dispositif de separation de f luides selon Tune quel- 5 
conque des revendications pr6c£derttes, dans 
lequel les deux extremites de ladrte coque (1) sont 
fermSes par des moyens de fermeture (30, 40) d6f i- 
nissant une sortie (17) de permeat, ladrte entree 
(18) de charge de fluide et/ou une sortie (11) de 10 
non permeat en communication de fluide avec ledrt 
ou chaque passage (21 , 38). 



d). 
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